This study was undertaken to evaluate whether the absolute nucleated red blood cell (RBC) count is elevated in term, appropriate-for-gestational-age (AGA) polycythemic infants. STUDY DESIGN: We compared absolute nucleated RBC counts taken during the first 12 hours of life in term, AGA infants with neonatal polycythemia (n = 29), and in control, nonpolycythemic infants (n = 37). We excluded infants of women with diabetes, hypertension, and alcohol, tobacco, or drug abuse, and those with fetal heart rate abnormalities or low Apgar scores, hemolysis, blood loss, or chromosomal anomalies. RESULTS: There were no differences between groups in birth weight, gestational age, or other demographic or perinatal factors. The hematocrit, RBC count, and absolute nucleated RBC counts were significantly higher and the platelet counts significantly lower in the polycythemic group. Regression analysis that included Apgar scores and gestational age showed a significant correlation of absolute nucleated RBC count with the polycythemia status only (P = .017). CONCLUSION: At birth, term AGA polycythemic infants have increased indices of active erythropoiesis. We speculate that this finding is suggestive of subtle fetal hypoxemia. (Am J Obstet Gynecol 2003;188:193-5.) 
Neonatal polycythemia, defined as a neonatal venous hematocrit of 65% or greater, occurs in a sizable proportion of newborn infants. Its management is highly controversial because most randomized clinical trials have shown little 1 or no impact of dilutional exchange transfusion on neurodevelopmental outcome. Nevertheless, a major textbook of neonatology recommends to perform a partial dilutional exchange transfusion in all symptomatic or hypoglycemic polycythemic infants and in asymptomatic infants with a venous hematocrit of 70% or greater. 2 The mechanisms by which the infants becomes polycythemic are probably multiple. Neonatal dehydration can cause hemoconcentration (hypovolemic polycythemia), a situation not very likely to occur within the first 24 hours of life. At the other end of the spectrum, hypervolemic polycythemia may follow an acute blood transfusion to the fetus originating from the placenta (placental-fetal transfusion), a twin fetus (twin-to-twin transfusion), or the mother (maternal-fetal transfusion). Finally, normovolemic polycythemia may occur in situations when erythropoiesis is enhanced by chronic fetal hypoxia, such as happens in fetuses of diabetic mothers, 3 or in fetal growth restriction. 4 The aim of this study was to examine hematologic indices of potential intrauterine hypoxia, including circulating nucleated red blood cells (RBCs), lymphocytes, and platelets 5 in polycythemic and nonpolycythemic, appropriate-for-gestational-age (AGA) infants of nonsmoking, nondiabetic mothers. We hypothesized that higher absolute nucleated RBC and lymphocyte counts, and lower platelets would be found in polycythemic, compared with control infants, as a consequence of subtle fetal hypoxemia.
Material and methods
We prospectively studied singleton appropriately grown (by Lubchenco intrauterine growth charts 6 ) term infants (38-41 weeks' gestation by the last menstrual period, confirmed by early ultrasound), who were born vaginally at the Lis Maternity Hospital, Tel Aviv Sourasky Medical Center between January 1, 1998, and March 31, 1999. All infants had early (<20 seconds) cord clamping by delivery room protocol.
In our institution, all infants undergo a routine complete blood count with a differential count obtained from a heel stick within the first 12 hours of life for the screening of polycythemia and neonatal anemia. The protocol requires that a spun venous hematocrit be obtained whenever the capillary hematocrit from the heel stick is greater than or equal to 70%. Polycythemia is then defined whenever the venous hematocrit is equal to or greater than 65%. A preliminary (unpublished) study in our institution showed that when the capillary hematocrit from the heel stick is between 65% and 70%, the venous hematocrit is never above 65%. We selected only infants with polycythemia (venous hematocrit greater than or equal to 65%) significant enough to require partial dilutional exchange transfusion because of clinical symptoms, hypoglycemia, or because of hematocrit was greater than 70%. 2 We excluded from the study infants born to women with gestational or insulin-dependent diabetes 7 ; pregnancy-induced hypertension 8 ; abruptio placentae or placenta previa 9 ; any maternal heart, kidney, other lung, or other chronic condition; drug, tobacco, or alcohol abuse 10 ; perinatal infections (eg, fever, leukocytosis, clinical signs of chorioamnionitis) 11 ; any abnormality in electronic intrapartum monitoring 9 ; or infants with low Apgar scores (below 8 at 1 or 5 minutes). 12 We also excluded infants with perinatal blood loss, hemolysis (blood group incompatibility with positive Coombs test or hematocrit below 45%) 13 or chromosomal anomalies. 14 Controls were selected in the following manner: Each time D. M. or Y. L. were on call, they screened all nonpolycythemic infants born during their call time and verified all inclusion and exclusion criteria. Each time one infant met the entry criteria, he or she was selected to be included in the control group. We aimed to obtain approximately 30 infants in each group, to enable the assumption of normal distribution of means.
Venous blood samples for complete blood cell counts were collected from the infants within 12 hours of birth and analyzed according to laboratory routine with an STK-S counter (Coulter Corporation, Hialeah, Fla). Differential cell counts were performed manually and nucleated RBC counts were counted per 100 white blood cells (WBCs). We showed previously that leukocyte counts and absolute nucleated RBC numbers are not independent and traditional expression of nucleated RBCs as their number per 100 WBCs might introduce a significant bias. 3 Therefore, we expressed the number of nucleated RBCs as an absolute number rather than per 100 leukocytes, and the WBC count was expressed as corrected for the presence of nucleated RBCs.
Data are reported as mean ± SD or, for nonnormally distributed variables as median (range). Statistical analysis included two-tailed Student t test for normally distributed variables and Kruskal-Wallis test, or Spearman ranked correlation for nonnormally distributed variables (such as absolute nucleated RBCs and Apgar scores) and backward stepwise regression analysis. P < .05 was considered significant.
Our local Institutional Review Board approved the study. Because all patients in our institution are screened routinely for polycythemia with a complete blood count before the age of 12 hours, the requirement for informed consent was waived.
Results
During the study interval, there were 7576 singleton AGA infants born at our center who met our entry criteria. Of these, 29 (0.38%) were born with polycythemia requiring partial dilutional exchange transfusion for the above indications. There were no differences between groups in birth weight, gestational age, maternal age, gravidity, parity, maternal analgesia during labor, 1-and 5-minute Apgar scores, and infant sex (Table) . The hematologic parameters shown in the table are extracted from the heel stick capillary blood sample obtained after birth. As expected, the hematocrit and RBC count were significantly higher in the polycythemia group than in the control group (Table I) . The absolute nucleated RBC count was significantly higher and the platelet count significantly lower in the polycythemia group than in the control group (Table I) . There were no significant differences in lymphocyte counts or WBC counts between the two groups. Spearman ranked correlation showed a significant relationship between absolute nucleated RBCs and hematocrit (r 2 = 10.9%, P = .007). In backward stepwise regression analysis, taking into account polycythemia, gestational age, and the 1-or 5-minute Apgar scores as independent variables and the absolute nucleated RBC count as the dependent variable, only polycythemia was a predictor of increased absolute nucleated RBC count (P = .017).
Comment
We found that neonatal polycythemia is associated with an increase in nucleated RBC counts and a decrease in platelet counts in term AGA infants, using Lubchenco's curves. In our study, we excluded small-for-gestationalage infants, an important confounding variable. 4 We excluded infants with other factors associated with potentially increased absolute nucleated RBC counts, including preterm labor with histologic placental signs of chorioamnionitis, 11 hemolysis, 13 chromosomal anomalies, 14 maternal diabetes, 7, 15 and neurologic insults. 16, 17 We believe that our study unequivocally shows that as a group, polycythemic infants have increased absolute nucleated RBC counts.
The mechanism by which polycythemia is associated with increased circulating neonatal absolute nucleated RBC counts is unknown. A likely explanation is relative fetal hypoxia. 7, 18 The lymphocyte count, also believed to be an indicator of fetal hypoxia 17, 19 was not elevated, but it might be an index of acute, rather than chronic, hypoxia. 7 It is worth noticing that we could not find any explanation in the literature of the pathophysiology of the hypoxia-induced lymphocyte elevation. Nevertheless, the platelet count was decreased in polycythemic infants, which is consistent with the theory of shifting of the pluripotent bone marrow stem cell toward erythropoiesis at the expense of thrombopoiesis; in theory, another explanation would be that there is increased platelet destruction or sequestration in polycythemia, but this phenomenon has not been studied in this disease state. In addition, the absolute nucleated RBC count correlated with the hematocrit.
We suggest that increased erythropoiesis contributes to the pathophysiology of neonatal polycythemia in term, AGA infants. Future studies comparing the neurologic and developmental outcomes of polycythemic infants who did or did not undergo a partial exchange transfusion should take into account the hematologic indices of intrauterine hypoxia (ie, absolute nucleated RBC counts as potential predictors of outcome).
